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Abstract

ofA$!~ ~;s!;g{;c;;;;’;; ’e{;;~~ho;u;{ou? 1 joule was designed and constructed.
and preamplifier system which produces 1 ns pulses

Commercial
C02 TEA devices were used throughout. Alignmant was simplified by using a single Ee-Ne
laser and penta prism reflectors on kinematic mounts. Perform~nce of this system as com-
pared with calculations with the Laser Optical Train Simulation (LOTS) program will be
discussed.

Introduction——

A short pulse laser system capable of moderate energy output based on commerical laser
devices was designed and constructed. This laser system was to be used as a “front end”
of a larger laser facility for experimental study of the interaction of high intensity
10.6 Pm light with matter. The design of the front end laser system w s based on analyti-

5cal calculation as well as the Laser Optical Train Simulation (LOTS) somputer program.
The actual laser performance agree very favorably with LOTS calculations based on educated
auesses of the laser amplifer and saturable absorber Performance. No attemDt was made to
recalculate, based on experience to enhance the agreement.
saturable absorber performance were ba ed on the extensive
the Gemini and Helios laser facilities. \

Design considerations

The basic constraint: on the design of this laser system

The guesses for” amplifier and
experience in the operation of

were dictated by svace avail-
able, output energy required, reliability, alignment ‘ease, prepulse suppression, damage
thresholds, and retropulse protection. Sifice space was of importance and internal ali n-

t
ment stability of t e system paramount, !the Ias@r system was built on a single 5’x16’x 8“
NRC optical table, The output energy necessary to realize the full potential of the
main rower ampltfier. to be used fn the final facflity was 0,5 J. ble, therefore, tritd to
design a front enJ capable of 1 J output for a margin of loss in transmission and error tn
calculation. Avail&bility of transverse ly-excited-atmosphere c pressure (TEA) laser ampli-
fiers from commerical souces with long life and reliable operation led to the decision to
use as many commerical devices as possible dnd to forgo the development beyond state-of-
tbe-art. Actual performance of these TEA devices was quite good, Al{gnment of the system
was designed in from the beginning by including a Ne laser with rotatable penta prisms to
align the red beam with the C02 beam, For most experim~nts it is necessary to reduce
prepulse energy to d mfnimum in order to keep a plasma from forming on the surface of the
target prior to arr~val of the laser pulse. Suppression of prepulse in the front end was
accomplished by gas cells which utilized SF

$
as a seturable absorber. This gas strongly

absorbs 10.6 Um radfatlon ●t intensity leve s below a threshold and then becomes highly
transparent -t higher Intensity levels. ‘;WO gas cells were used. During each stage of
amplffic>tion, ctre must be txercised to keep the beam energy from dama ing the optics.

‘1Since this system was to be used as e front end for a large laser ctre a so W4S taken to
assure that any pulse travel l!ng back from the target (retropulse’) would be suppressed to
a level to protect the optfcs.

The actubl dest~n was ftnalized based on GaussIan
and postt~on of the lenses and mirrors, Franz-Nodvtk

*ptlcs calculations for focal Ien~th

fler chein,
calculation of ga{n of the amp i-

and tht ~ssumpt~on of soturated transmission for the gas cells. Critical
parameters assumed are those gtven tn Table 1, UhQn a satf$factory system was developed
using these hand calculations, the system was modeled using the LOTS progrem. This com-
puter program treats the dfffractton propagation of the be~m and saturable absorbers In a
much more deta{led fash~on. Table 2 gtves the parameters used for the LOTS calculation,



Table 1: Parameters Used to Design the Laser System.

Parameter
Gain of 7EA Amplifier* m
Saturation Flux*
Maximum Intensity 10 J/cm !$

Transrlitted by unfiltered air
with 1 nsec pulse*

Maximum Intensity 20 J/cm2
Transmitted by dry, filtered alr

with 1 nsec pulse*
Damage Threshold 1 J/cm2

for coated optics (1 nsec)
Damage Threshold 10 J/cm2

for metal mirrors (1 nsec)
Absorption of SF6 for in ensities

!!
0.2x10-2 torr-l cm-l

greater than 1 mj/cm

●At an atmospheric pressure of 580 Torr.

Table 2: Parameters Used to Model the Laser Chain Using LOTS.

Parameter

Gain
Saturation Flux
Saturation Irradiance
LOg-LOg $lOpe

‘+:””

Value

0.045 cm-~
55 mJic 2
2.0xlo- 1 Jlcm2
1.4

Ffgure I: Layout of front end system on
5 Y 16 ft t~ble.
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Oscillator cavity reflector, 6 m
r~dfus of curvature,
One-Qu4rter wav9 p19te.
Pltsma smoothfng tube,
Stturtble absorber cell
7tchisto 215 TEA amplfffer
Oscillator output coupler,
Spatial Ftlter 1.
Pints prfsm mount for dlrectfng Ne
ltser,
Laser triggered spark
Switch out, consists o ?’!;0
polarizers and a Cdle crystal,
$patfal Filter 2.
Sp*tf#l Ftlter 3.
Stturable cbsorber cell,
Ne altgnment I@ser.
Hedged 6e Plate.
Lumontc$ K922-S 71A ampl{ftar
Lumonfcs 142 TEA smpltffer,
Output of front end,

Figure 1 shows the layout on the table of all of the components which made up the
laser system. The Tachisto5 model 215 TEA device was used in conjunction with a 2.5 m
cavity and a 60 cm low pressure plasma tube to form the oscillator for the system. The 1
nsec pulse is then switched out of the 100 nsec FNHM gain-switch~d spike which is output
f’rom the oscillator. This method of short pulse generation was chosen over a mode locked
oscillator based on the superior op?ration of the H*lios front end. in operation, the
plasma tube was excited below lasing threshold but had enough gain to allow lasing tc
start beforts the gain of the TEA amplifier reaches peak. This allows operation in the
TEMOO mode and c single longitudinal mode because the gain of the plasma tube is very
narrow in frequency. Uhdn the full gain of the TEA is reached the width of the gain in
frequency is iarge enough to support several modes, due to operation at atmospheric

B
single longitudinal mode wins out over the competing modes

ecause of ’’”~het~af;E%O’the plasma tube. In this configuration the oscillator l~ses
rcssure,

predominantly on the 10,6 urn P20 l{ne.

The first spatial filter, SF1, cleans the beam and also protects the Pockel ’s cell
cryst~l, SF1 consisted of a 25.4 2nSe cm focal len th lens, a 950 Mm pinhole and a 25.4
cm ZnSe recolltmating lens. !If there is mode-beat ng in the oscillator output, usually
due to hav’tng the cavity length imp~operly set for a P20 longitudinal mode, high power



peaks are output by the oscillator. The pinhole for SF1 was chosen so that the smooth,
single mode beam would be transmitted, but at nearly the breakdown threshold for the
dry-filtered air which was flowed by the pinhole. When the mode-beating was severe, this
pin-hole broke down and would not transmit the beam. No damage to the sensitive,
expensive CdTe Pockel ’s cell crystal was noticed even though several output couplers were
ruined due to mode-beating.

The beam next passes through a polarizer, a CdTe Pockel ’s cell, and then is rejected
by a second polarizer. These polarizers were made from stacks of 6 Ge plates at
Brewster’s angle. The plates were arranged three on a side set oppositely so as not to
deflect the beam. From the second polarizer tne main part of the beam is reflected to the
laser- }rigj~~$d l~~~[k $ps~~~;~l;nt Both the LTSG and Pockel ’s cell were manufactured by
11-VI. intensity enters the LTSG, tt fires, launching an
approximately 1 nsec pulse down a cable which is cohnected to the Pockel ’s cell. This
pulse causes the CdTe crystal to rotate the plane of polarization of the light passing
through it and this light is then transmitted by the second polarizer. The net result is
that a 1 nsec pulse is switclied out of the longer oscillator pulse. This process may be
repeated ‘several times to increase the contrast ratio of the pulse but our system was
never operated with more than one Pockel ’s cell. The first polarizer, while seemingly
unnecessary because the output of the oscillator is polarized due to the Brewster angle
windows on the ~lasma tube and TEA amplifier, is used to prevent oscillation of the
Lumonics K922-S. Without this polarizer the Lumonics K922-S amplifier did oscillate
off of the oscillator cavity output coupler and some other surface. This is a very
danerous mode since it includes the Pockel ’s cell and could damage it.

After being switched out the beam is cleaned up and mode matched to twice the diameter
~:n; spatial filter (SF2). This spatial filter consisted of a 12.7 cm focal lelgth ZnSe

a 500 Pm pinhole and a 25.4 cm ZnSe recnllimating lens. The beam enterfng has a
nomi~al diameter of 1 cm and exits with a nominal diameter of 2 cm. This spatial filter
is operated in unfiltered room air because only about 1 mJ is passed forward and it is
easily broken down by any ldrge retropulce.

The beam is next amplified by two passes of the Lumonics !(922-S TEA amplifier. This
is accomplished through polarization switching of the beam. The beam is passed by a
wedged Ge plate at Brewster’s angle and amplified by one pass of the Lumonics K922-S. It
then is transmitted by an SF6 gas cell which is used to isolate the gain of this
amplifier. Next the beam transmits a 1/4 wav~ plate bhich than es the plane polarized
light to circularly polarized light. This circularly polarized ! ight is then reflected
back through the 1/4 wave plate. The result of the two passes through the 1/4 wave plate
is the same as a single pass through a 1/2 wave plate and the final beam is plane
polarized but the plane of polarization is rotated 900. After another pass through t*he
gas cell and the gain region the beam is reflected by the Ge plate with high, “ tio~,
efficiency. The beam is then directed to the next spatial filter, SF3.

SF3 was designed to use metal mirrors rather than lenses. At this point damage due to
the forward going beam would not damage coated optics 5u; a retropulse might. Therefore,
the higher damage threshold of metal mirrors wss used to advantage. This spatial filter
also mode matches the beam up to 3 cm diameter and consists of a 1.0 m radius of curvature
spherical mirror, a 1.0 mm pinhole and a 1.5 m radius of curvature spherical rocollimating
mirror. This spatial filter proved to be the greatest problem area in the oper,)tion of
the front end. This is because the Ge plate was wedged so that cnl

1’
the first reflection

from the Ge plate would make it througt the pinhole. Unfortunate y, it was not wedged
enough that the second reflection WBS far away from the pinhole and the second reflection,
which contains 16 of the energy output by the K922-S, produced a plasma on the surface of
the pinhole. This plasma then induced breakdown of the p!nhola by the @nergy in the first
reflection by UV ionization of the atr in the pinhole. The net result was closing of the
pinhole in SF3 by the forward going pulse and a net transmission of only about 40Qof tne
energy out of the K922-S. (Much ekfort was @xpended trying to prop~rly aligt, SF ‘“before
the true mechanism of this breakdown was established,

The beam next traverses another SF
!

gas ctli and is amplifitd by the Lumonics 142
amplifier. The qas cell effectively solates the gair of the 142 from that of the
K922-S. It worked quite WC1l in practice and there was never an oscillation includi~- +he
142 and K922-S. fhe output beat” of the 142 constitutes the output from the front end.

Comparison of performance to calculati~~

Table 3 gives the comparison betweeen calculation of the mnergy output and actual
measured outputs. After the two passes of the Lumonics K922-S and reflection off of the
wedged Ge plate agreement, as far as energy output, for the LOTS calculation is quite
good. The poor agreement far the final output is due to the poor transm~ssion of SF3 as
previously noted. Without the pinhole of SF3 in place energy outputu as high as 1.2 J



were observed. ~igure 2 shows the LOTS calculated near-field intensity pattern. Pictures
of the flash from a graphite block hit by the near field front end beam showed a bright
central spot with three rings which is quite similar to what would be exp~cted from Figure
2. Further comparison was not done.

Table 3: Comparison of Calculation to Actual Performance
for Laser Energy.

Iiand
Position Calculation (mJ)

Xf ter w-
After reflection ?i 170 150

.

by Ge plate
After SF3 168
Final output 58;9 850 45:2

*Assumed.

Front End Output

I .20 * ................... .........j... l""""̀"'``':'`""`"""""\'"!""""'"""""""""i"̀""""`"""""""l

0.10
t

......

O.oeL.......0.00 +---j--+-y
-3 -2 3

F!gure 11: 101S calculated front end
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Conclusion

It is ev!dent from this work that a few simple rules of thumb can be utilized to
successfully design a C02 laser system. The many features of the LOTS program ma~e it
an excellent tool for predicting the performance of a l.sser system. The state-of-Lhe-art
of TEA laser amplifiers and optics for 10.6 urn light make stand~rd components sufficient
for 109 watt n~erntion wfth 1 nsec pulses.
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